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SPECIFICATION 
METHYLATED CpG POLYNUCLEOTIDE 

TECHNICAL FIELD 

The present invention relates to a polynucleotide having action to suppress the 
immunoreactivity of a CpG motif. More specifically, the present invention relates to a 
polynucleotide, which has action to suppress the immunoreactivity of a CpG motif and can 
be used for preventing and/or treating immune-mediated diseases such as arthritis, and a 
pharmaceutical composition comprising the above-mentioned polynucleotide as an active 
ingredient. 

BACKGROUND ART 

Components derived from microorganisms have immunoreactivity. In particular, 
it has been known that DNA contained in a large amount in the bacterial components of 
Mycobacterium tuberculosis has strong action to activate natural immunity and functions 
as an adjuvant for inducing a T helper type 1 immune reaction to an antigen (Science 273; 
352-354, 1996). It has also been known that the action of this DNA to activate immunity 
is derived from DNA having a CpG motif (CpG DNA) and that such immunoreactivity is 
lost by alternation of the sequence or methylation of cytosine (Nature 374; 546-549, 1995). 

On the other hand, there has been a report suggesting the possibility that such DNA 
derived from microorganisms is associated with the pathologic conditions of autoimmune 
diseases including articular rheumatism as a typical example (Arthritis Rheum 43; 2578- 
2582, 2000, Nature 416; 603-607, 2002). 

JP Patent Publication (Kohyo) No. 2002-521489 A describes that the S- 
stereoisomer of DNA containing CpG is able to stimulate immunity, and that such CpG- 
containing DNA can be used as a vaccine adjuvant, or as a factor for activating immunity 
to prevent or treat virus diseases, parasitic diseases, or fungus diseases, or it can also be 
used in immunotherapy for cancers, allergic diseases or asthma. Moreover, JP Patent 
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Publication (Kohyo) No. 2002-521489 A also describes that the R-stereoisomer of CpG- 
containing DNA is able to suppress the aforementioned effect of the S-stereoisomer to 
stimulate immunity. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a polynucleotide, which can 
effectively suppress the immunoreactivity caused by DNA having a CpG motif and which 
can be used for preventing and/or treating immune-mediated diseases such as arthritis, and 
a pharmaceutical composition comprising the above-mentioned polynucleotide as an active 
ingredient. 

As a result of intensive studies directed towards achieving the aforementioned 
object, the present inventors have found that the generation of interleukin 6 (IL-6) and 
interleukin 12 (IL-12) can effectively be suppressed by administration of DNA containing 
a CpG motif wherein guanine is methylated, to a mouse bone marrow-derived macrophage. 

In addition, the present inventors have also found that arthritis can effectively be 
suppressed, when DNA containing a CpG motif wherein guanine is methylated, is 
administered to an arthritis model mouse. The present invention has been completed 
based on these findings. 

Thus, the present invention provides a polynucleotide comprising a CpG motif 
wherein guanine is methylated. 

Preferably, the length of the polynucleotide of the present invention consists of 8 to 
100 nucleotides. 

Preferably, the polynucleotide of the present invention comprises the nucleotide 
sequence shown in any one of SEQ ID NOS: 1 to 4, and more preferably consists of the 
nucleotide sequence shown in any one of SEQ ID NOS: 1 to 4. 

In another aspect, the present invention provides a pharmaceutical composition 
which comprises the aforementioned polynucleotide of the present invention as an active 
ingredient. 



Preferably, the pharmaceutical composition of the present invention is a 
pharmaceutical composition for preventing and/or treating immune-mediated diseases. 
More preferably, the pharmaceutical composition of the present invention can be used as 
an immunosuppressive agent or an agent for treating arthritis. 

In another aspect, the present invention provides an agent for suppressing 
generation of interleukin, which comprises the aforementioned polynucleotide of the 
present invention as an active ingredient. 

In another aspect, the present invention provides a method for preventing and/or 
treating immune-mediated diseases, a method for suppressing immunity, a method for 
treating arthritis, and a method for suppressing generation of interleukin, which comprise a 
step of administering an effective amount of polynucleotide comprising a CpG motif 
wherein guanine is methylated, to mammals including humans. 

In another aspect, the present invention provides the use of a polynucleotide 
comprising a CpG motif wherein guanine is methylated, for the production of a 
pharmaceutical composition for preventing and/or treating immune-mediated diseases, an 
immunosuppressive agent, an agent for treating arthritis, or an agent for suppressing 
generation of interleukin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the results regarding suppression of the induction of IL-12 and IL-6 
from macrophage by mCG-DNA or CmG-DNA. 

Figure 2 shows the effects of CmG-DNA on type II collagen arthritis model mice. 
Day 0 indicates that CmG-DNA was administered for the first immunization. Day 21 
indicates that CmG-DNA was administered for the booster conducted 3 weeks after the 
first immunization. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The embodiments of the present invention will be described in detail below. 



(Polynucleotide) 

The polynucleotide of the present invention is characterized in that it comprises a 
CpG motif wherein guanine is methylated. The polynucleotide of the present invention 
may be either a polyribonucleotide or a polydeoxyribonucleotide. The CpG motif is used 
in the present specification to mean a nucleotide sequence comprising cytosine (C) and 
guanine (G). The polynucleotide of the present invention may be either a single- 
stranded or a double-stranded. In addition, it may be either linear or cyclic. The length 
of the polynucleotide of the present invention is not particularly limited, as long as the 
effects of the present invention to suppress immunoreactivity can be achieved. From the 
viewpoint of easy incorporation thereof into cells, it preferably consists of 8 to 100 
nucleotides, and more preferably consists of 8 to 30 nucleotides. 

C in the CpG motif may be either a ribonucleotide or deoxyribonucleotide, which 
has an unmethylated or methylated cytosine as a base. From the results of a test 
regarding suppression of the generation of interleukin-6 and interleukin-12, it was 
confirmed that the polynucleotide of the present invention comprising a CpG motif having 
a methylated cytosine exhibits the same level of action to suppress the generation of IL-6 
and IL-12 as that of the polynucleotide of the present invention comprising a CpG motif 
having an unmethylated cytosine. 

Methylated G in the CpG motif means a ribonucleotide or deoxyribonucleotide, 
which has a methylated guanine as a base. Examples of a site to be methylated may 
include positions 2, 6, and 7 of guanine. A preferred example may be methylation of a 
ketone group at position 6. 

Nucleotides other than such a CpG motif may be riboses or deoxyriboses which are 
substituted with pyrimidine or purine. Specific examples thereof may include riboses or 
deoxyriboses, which have guanine, adenine, cytosine, thymine, or uracil, as a base. 

The polynucleotide of the present invention can also be used as a polynucleotide 
derivative by substituting a part of nucleotides with nucleotide derivatives, as long as it 
does not impair the action of a methylated CpG motif to suppress immunity. Specific 



examples of such a polynucleotide derivative may include: a polynucleotide derivative 
wherein a phosphate diester bond in the polynucleotide is converted into a 
phosphorothioate bond; a polynucleotide derivative wherein a phosphate diester bond in 
the polynucleotide is converted into an N3'-P5' phosphoamidate bond; a polynucleotide 
derivative wherein a ribose and a phosphate diester bond in the polynucleotide are 
converted into a peptide nucleic acid bond; a polynucleotide derivative wherein an uracil in 
the polynucleotide is substituted with a C-5 propynyl uracil; a polynucleotide derivative 
wherein an uracil in the polynucleotide is substituted with a C-5 thiazole uracil; a 
polynucleotide derivative wherein a cytosine in the polynucleotide is substituted with a C-5 
propynyl cytosine; a polynucleotide derivative wherein a cytosine in the polynucleotide is 
substituted with a phenoxazine-modified cytosine; a polynucleotide derivative wherein a 
ribose in the polynucleotide is substituted with a 2'-0-propyl ribose; and a polynucleotide 
derivative wherein a ribose in the polynucleotide is substituted with a 2'-methoxyethoxy 
ribose. However, examples are not limited thereto. 

The basic sequence of a nucleic acid having the polynucleotide of the present 
invention includes 5'-purine-purine-CmG-pyrimidine-pyrimidine. Specific examples of 
such a sequence may include: 

5 ' -TCC ATGACmGTTCCTGATGCT-3 ' (SEQ ID NO: 1); 

5 ' -TCC ATGTCmGTCCCTGATGCT-3 ' (SEQ ID NO: 2); 

5 ' -GCTAGACmGTTAGCGT-3 5 (SEQ ID NO: 3); and 

5 ' -TCC ATAACmGTTCCTGATGCT-3 ' (SEQ ID NO: 4). 

The polynucleotide of the present invention can be produced by methods known to 

persons skilled in the art, such as the gene recombination technique, the nucleic acid 

synthesis, or the site-directed mutagenesis. For example, a polynucleotide or a 

polynucleotide derivative may directly be synthesized using a DNA synthesizer, in 

accordance with the nucleic acid synthesis that is generally used in genetic engineering. 

A portion of such a polynucleotide may be synthesized, and it may be then amplified by 

the PCR method or using a cloning vector or the like. Moreover, as mentioned above, in 



order to obtain a polynucleotide derivative that is stable in cells, a base, a sugar, and a 
phosphoric acid portion may chemically be modified. Examples of the aforementioned 
polynucleotide synthesis method may include the phosphate triester method, the 
phosphoramidite method, and the H-phosphonate method. 

A polynucleotide wherein guanosine is methylated at position 6 may be produced 
using the following compound as a starting material, for example: 



0~P-N(*>r) 7 
O-CNEt 

06~Me-2 '-deox y Guanosine 

(Pharmaceutical composition for preventing or treating immune-mediated diseases) 

As described later in test examples of the present specification, it has been 
confirmed that the polynucleotide of the present invention comprising a CpG motif 
wherein guanine is methylated can suppress the generation of interleukin when a mouse 
bone marrow-derived macrophage is stimulated with CpG DNA or the like, and that it can 
also suppresses arthritis in type II collagen arthritis model mice. That is to say, the 
present invention provides a pharmaceutical composition comprising, as an active 
ingredient, a polynucleotide having a CpG motif wherein guanine is methylated. The 
pharmaceutical composition of the present invention has action to suppress immunity, and 
thus, it can be used for preventing and/or treating immune-mediated diseases. The 
pharmaceutical composition of the present invention can be used for preventing and/or 
treating autoimmune diseases such as articular rheumatism, systemic lupus erythematosus, 
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diabetes, multiple sclerosis, Hashimoto's disease, hemolytic anemia, myasthenia gravis, 
scleroderma, ulcerative colitis, or idiopathic thrombocytopenic purpura; allergic diseases 
such as chronic bronchial asthma, atopic dermatitis, contact dermatitis, pollinosis, or 
allergic rhinitis; graft- versus-host disease; immunological rejection occurring during organ 
transplantation; acute infectious disease whose etiologic agent is considered to be 
activation of the immune system caused by enterotoxin; or arteriosclerosis. From another 
viewpoint, the polynucleotide of the present invention can also be used as an agent for 
suppressing generation of interleukin. 

When the polynucleotide of the present invention is used in the form of a 
pharmaceutical composition, the aforementioned polynucleotide is used as an active 
ingredient, and a pharmaceutically acceptable carrier, diluent, stabilizer, excipient, or the 
like are further used, so as to prepare a pharmaceutical composition. 

When the pharmaceutical composition of the present invention is administered to a 
patient, the administration route is not particularly limited. Either an oral administration 
or a parenteral administration may be applied. The pharmaceutical composition can be 
administered by methods known to persons skilled in the art. Examples of a preferred 
administration route may include an intra-arterial injection, an intravenous injection, and a 
hypodermic injection. 

In the case of an oral administration, the pharmaceutical composition of the present 
invention can be used in a dosage form suitable for oral administration, such as a tablet, a 
hard or soft gelatin capsule, a solution, an emulsion, or a suspension. In the case of a 
parenteral administration, the pharmaceutical composition of the present invention may be 
administered into the rectum in the form of a suppository, for example. Otherwise, it may 
also be administered in the form of a solution used for injection via an intra-arterial 
injection, an intravenous injection, or a hypodermic injection. 

In order to prepare the pharmaceutical composition of the present invention, the 
polynucleotide of the present invention can be mixed with a pharmaceutically acceptable 
excipient, for example. Specific examples of such an excipient used for tablets or gelatin 
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capsules may include lactose, corn starch or a derivative thereof, and stearic acid or a salt 
thereof. Examples of an excipient suitable for production of a solution may include 
water, polyol, sucrose, invert sugar, and glucose. Examples of an excipient suitable for 
production of an injection solution may include water, alcohol, polyol, glycerol, and 
vegetable oil. Examples of an excipient suitable for production of a suppository may 
include vegetable oil, hydrogenated oil, wax, fat, and semi-liquid polyol. In addition, to 
the pharmaceutical composition of the present invention, an antiseptic, a solvent, a 
stabilizer, a wetting agent, an emulsifier, a sweetener, a dye, a flavor, a salt used for 
changing the osmotic pressure, a buffer, a coating agent, an antioxidant, and further, a 
compound having another type of therapeutic activity, may be added, as desired. 

The dosage of the polynucleotide of the present invention differs depending on the 
body weight of a patient, the age thereof, an administration method, etc. It is possible for 
persons skilled in the art to appropriately select a suitable dosage. The dosage of the 
polynucleotide as an active ingredient is generally between approximately 0.1 and 100 
mg/kg per once. 

The present invention will be more specifically described in the following 
examples. However, the examples are not intended to limit the scope of the present 
invention. 

EXAMPLES 
Test example 1 
(Method) 

Preparation of BMDM and the measurement of cytokine were carried out in 
accordance with the method of Martin-Orozco et al. (Int Immunol 1999, 11: 1111-1118). 

Bone marrow derived macrophage (BMDM) prepared from the bone marrow cells 
of BALB/c mice was adjusted to a concentration of 2 x 10 5 cells/ml. It was then 
cultured together with each of CG-DNA (1 ^ig/ml), mCG-DNA (10 Kig/ml), CmG-DNA 
(10 ^ig/ml), and LPS (100 ng/ml, E. coli 01 1 1: B4 (Sigma L-4391)), on a DMEM medium 
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(Sigma) for 24 hours. 24 hours later, the culture supernatant was recovered, and the 
concentration of IL-12 and that of IL-6 in the supernatant were measured by ELISA 
(Figure 1). A significant difference test was carried out using StatView. 

It is to be noted that synthetic DNAs (all of which were 5 5 -S phosphorylated; 1- 
micro-HPLC purified products) were synthesized by the p-cyanoethylamidite method, then 
purified by common methods known to persons skilled in the art, and then used. 

DNA comprising a CpG motif (CG-DNA): 

5 5 -TCC ATGACGTTCCTGATGCT-3 ' (SEQ ID NO: 5); 

DNA comprising a CpG motif wherein C is methylated (mCG-DNA): 
5 5 -TCC ATGAmCGTTCCTGATGCT-3 ' (SEQ ID NO: 6); 

DNA comprising a CpG motif wherein G is methylated (CmG-DNA): 
5 '-TCCATGACmGTTCCTGATGCT-3 ' (SEQ ID NO: 1). 

(In the test example, mC represents 5-methyl-2'-deoxycytidine, and mG represents 06- 
methyl-2 5 -deoxyguanosine.) 

(Results) 

Mouse bone marrow-derived macrophage was cultured in vitro together with LPS 
or CG-DNA, while mCG-DNA or CmG-DNA was added thereto. 24 hours later, the 
culture supernatant was recovered, and the concentration of IL-12 and that of IL-6 in the 
supernatant were measured. The induction of IL-12 and IL-6 from the macrophage by 
CG-DNA was suppressed by mCG-DNA or CmG-DNA. CmG-DNA had a higher effect 
of suppressing the induction of IL-12 and IL-6 than mCG-DNA did. In addition, it was 
also shown that CmG-DNA did not suppress the induction of IL-6 by LPS, and that mCG- 
DNA rather enhanced it. 



Test example 2 
(Method) 

A test using a mouse type II collagen arthritis model was carried out in accordance 
with Current protocols in immunology: 15.5.1-15.5.14. 

A DBA/ 1 Lac J mouse (8-week-old, female) was immunized with type II collagen 
(CII) (Koken) and Complete Freund Adjuvant (DIFCO). 3 weeks later, a booster was 
carried out with type II collagen (CII) and Incomplete Freund Adjuvant, thereby producing 
a type II collagen arthritis model. 

As described below, synthetic DNA was hypodermically administered to the above 
mouse, and the arthritis score was measured once a week. The arthritis score was 
measured in accordance with Current protocols in immunology. 



Table 1 





Dosage 


Administration method 


CII 


200 ixg 


s.c; at the hip 


CFA 


Equal volume to CII 


s.c; at the hip 


IFA 


Equal volume to CII 


s.c; at the hip 


CmG 


50 ixg 


i.d.; at the base of the tail 



CII: Type II collagen 
CFA: Complete Freund adjuvant 
IFA: Incomplete Freund adjuvant 
CmG: CmG-DNA 



Table 2 





day 0 


day +21 


CII 


CII/CFA 


CII/IFA 


CII/CmG (0) 


CH/CFA+CmG 


CII/IFA 


CII/CmG (21) 


CII/CFA 


CH/IFA+CmG 
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(Results) 

When CmG-DNA was administered for the first immunization (day 0) or for the 
booster conducted 3 weeks after the first immunization (day 21), arthritis was suppressed. 

This result suggests that CmG-DNA inhibits toll like receptor (TLR) 9 specifically 
and more effectively than the known synthetic DNAs, and thus that CmG-DNA is useful 
for the treatment of autoimmune diseases. 

INDUSTRIAL APPLICABILITY 

The polynucleotide of the present invention effectively suppresses the generation of 
IL-6 and IL-12 by CpG DNA. Thus, the present polynucleotide can be used for 
preventing and/or treating autoimmune diseases such as articular rheumatism, allergic 
diseases such as allergic rhinitis, multiple myeloma, mesangial proliferative nephritis, etc. 
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